There are no studies evaluating the virginiamycin (VM) doses under tropical conditions. So, the present study was conducted to evaluate the optimal dose of VM for growing Nellore bulls on tropical pasture. Two experiments were conducted. The first experiment, one hundred and two Nellore bulls (307 ± 25 kg body weight [BW]; 22 months) were used. Animal performance was evaluated using a randomized block design, with group as experimental unit (n = 8; 12 animals each). The second experiment, a double 4 × 4 Latin square, eight animals were used to evaluate the ruminal parameters. Four doses were evaluated: 0, 35, 55, and 75 mg VM per 100 kg BW. The average daily gain (P = 0.08) and carcass gain (P = 0.05) exhibited a trend of quadratic behavior. An increased dose of VM did not affect supplement intake (P = 0.64), rumen pH (P = 0.96), acetate: propionate ratio (P = 0.73), or the total concentration of volatile fatty acid (P = 0.63). The concentration of rumen ammonia nitrogen exhibited a quadratic effect (P = 0.01). A quadratic behavior was found for volatile fatty acid, except for propionate, which presented linear behavior (P = 0.03). In conclusion, the dose of 47 mg VM per 100 kg BW is recommend for growing Nellore bulls on tropical pasture. Key words: Additive. Non-ionophores. Supplement intake. Tropical grass.
Introduction
Under tropical conditions, the developing of efficient pasture-based livestock production systems is essential due to the extent of agriculture, territorial areas, and the need for low-cost food production (MCMANUS et al., 2016) . In these systems, supplementation strategies have been increasingly implemented to avoid seasonality of forage production . The use of additives may further enhance the production and performance of beef cattle on tropical pastures (BERNDT; TOMKINS, 2013) .
In livestock production systems, the use of growth-promoting feed additives offers significant advantages, since increasing the efficiency of nutrient utilization (BERNDT; TOMKINS, 2013) . Furthermore, greater efficiency implies reduced waste and positive environmental impact (BERNDT; TOMKINS, 2013) . Additionally, in livestock grazing systems, the vehicle used to supply additives is the supplement. Therefore, the use of growth promoters that do not restrict supplement intake and ensure a correct consumption of the recommended dose need attention. Ionophores, especially monensin, typically reduce intake . Virginiamycin (VM) is another growth promoter, an antibiotic that causes bacteriostatic or even bactericidal effect, mainly against gram-positive bacteria (GUO et al., 2010) . For grazing animals, VM may be an alternative additive, since it has shown satisfactory results with no reduction or modification in supplement intake (FIEMS et al., 1992) .
The first study in Brazil using VM for grazing Nellore cattle demonstrated that this additive is a potential antimicrobial for animals reared on pasture (GOULART, 2010) . Studies designed to evaluate the optimal VM dose in feedlot-finished cattle (ROGERS et al., 1995) and cattle grazing on winter pastures (FIEMS et al., 1992) have already been performed. However, there are no studies evaluating the optimal dose-response to VM in Nellore bulls grazing on tropical pastures. So, the objective of this study was to evaluate the optimal dose of VM for Nellore bulls grazing on tropical pasture during the rainy season. The hypothesis of this study is that VM increases the performance and affects the ruminal parameters in Nellore on pasture.
Materials and Methods
This study was approved by the Ethics Committee on the Use of Animals (CEUA) of the Universidade Estadual Paulista, Campus Jaboticabal (Protocol number 013944/13). All procedures have been conducted in accordance with the Brazilian Guidelines for the Care and Use of Animals for Scientific and Educational Purposes (CONCEA, 2013) . The experiment was conducted at the Research Unit of the Agência Paulista de Tecnologia dos Agronegócios (APTA), Colina (20° 43' 05′′S and 48° 32′ 38′′W), São Paulo, Brazil, from December 9 to March 27 during the rainy season.
The study evaluated the performance of Nellore bulls (n = 102; 307 ± 25 kg; 22 months) receiving different VM doses. Of these, six animals (n = 6) were slaughtered at the beginning of the experiment to evaluate the initial hot carcass weight (HCW) of the remaining animals. The remaining animals (n = 96) were weighed, dewormed using 1% Ivermectin (Ivomec, Merial, Paulínea, São Paulo, Brazil) , identified with a numbered plastic earring, and randomly assigned to one of the four treatment groups. To evaluate rumen parameters, eight cannulated Nellore bulls of similar age and mean initial BW to the performance animals were used.
All animals received the same diet (pasture and protein supplement provided daily at 13h00 in the amount of 1 g kg BW -1 per day), whereas the concentration of VM (Vmax ® 10%, Phibro, Guarulhos, São Paulo, Brazil) varied to constitute the treatments as follows: without VM (VM0); 35 mg VM per 100 kg BW (VM35); 55 mg VM per 100 kg BW (VM55), and 75 mg VM per 100 kg BW (VM75) ( Table 1) . The virginiamycin used is a mixture of two distinct chemical compounds, a peptolid, with molecular weight 525 (factor M1, C 28 H 35 N 3 O 7 ) and a macrocyclic lactone, with molecular weight 823 (factor S1, C 43 H 49 N 7 O 10 ). Body weight of the experimental animals was regarded as almost the same, and the amount of VM supplements was based on the averaged weight of the group. The main purpose of the supplement was to promote the total intake and to guarantee complete ingestion of VM doses, as recommended. The experimental area was composed by eight rotational stocking management systems (3 ha each). Each system consisted of three paddocks (1 ha each) of Panicum maximum 'Tanzania', with drinkers and feeding troughs for the supplements in each paddock. The drinkers had a capacity of 1500 L and the linear feeding trough space per animal was 30 cm. The grazing cycle consisted of 27 days, nine days of grazing and 18 days of paddock rest. Four grazing cycles were completed. The eight rotational grazing systems were grouped into two blocks of four grazing systems. The four treatments were randomized within each block. To reduce the effect of pasture, since there were only two groups per treatment, groups within the same block changed the rotational grazing system at the end of each grazing cycle (MOREIRA et al., 2017; SANTANA et al., 2015 SANTANA et al., , 2017 . Consequently, groups within each block passed through all four grazing systems.
At the beginning of each grazing cycle, forage mass was estimated using the double sampling method (SOLLENBERGER; CHERNEY, 1995) . To evaluate the quantitative and structural components of sward canopy, samples were collected at the average height of each paddock and divided into four fractions: green stem, green leaf, dead/ senescent stem, and dead/senescent leaves. To estimate the nutritional value of the pasture, handplucked samples were collected at the beginning of each grazing cycle (DE VRIES, 1995) . The samples were dried in an oven with forced air ventilation at 55°C for 72 h, and then ground using a Wiley knifemill to pass through a 1 mm sieve. (AOAC, 1995) . The content of neutral detergent fiber and acid detergent fiber was evaluated by sequential analysis as described by Robertson and Van Soest (1981) using a TECNAL ® TE-149 fiber analyzer (Piracicaba, São Paulo, Brazil). Cellulose was solubilized with 72% sulfuric acid, and lignin content was obtained as the difference (GOERING; VAN SOEST, 1970) . In vitro true digestibility of DM was determined as described by Van Soest and Robertson (1985) . Indigestible neutral detergent fiber content was evaluated using non-woven textile bags (100 g per m 2 ) incubated in rumen by 240 hours (VALENTE et al., 2011) (Table 2) . Supplement intake was calculated as the provided amount per day. The supplement provided daily was entirely consumed, then the doses of VM for each treatment was effectively consumed as recommended. Intermediate weights were taken every 27 days, at the end of each grazing cycle, obtained the BW without fasting. This BW without fasting were used to adjust the amount of supplement provided in each grazing cycle. The initial and final fasting BW of the animals was used to calculate the average daily gain. Animals were weighed following a 16 h fasting from solids and liquids.
At the beginning (n = 6) and at the end of the experiment (n = 64), animals were slaughtered according to RIISPOA standards in a Minerva Foods ® slaughter house, which is under the Federal Inspection Service and located 20 km from the research facility (Barretos, São Paulo, Brazil). It is worthwhile to note that at the end of the experiment, the animals did not reach the slaughter BW, because they were still in their growing phase. Therefore, representative animals of each treatments were selected to determine their carcass gain. The initial HCW of all animals was obtained using the equation: y = 0.4349x + 23.595, r 2 = 0.96, generated from the relationship between fasting BW and HCW, where x is the initial fasting BW and y is the initial HCW estimated in kilograms. The final dressing percentage was obtained using the formula: dressing percentage = (final HCW ÷ final BW) × 100. The carcass gain was obtained by applying the formula: carcass gain = (final HCWinitial HCW) ÷ (number of days of the experiment period). The carcass transfer was calculated using the formula: carcass transfer = [(final HCW -initial HCW) ÷ (final fasting BW -initial fasting BW)] × 100, adapted from Sampaio et al. (2017) .
Rumen fluid samples were collected on day 27 of each experimental period at 0, 6, 12, and 18 h after supplementation. The samples were collected at ventral side of the rumen, homogenized, and then filtered through a double-layer fabric for extraction of the rumen fluid. The pH was determined immediately after collection using a Digimed ® 23 DM pH meter (Campo Grande, Mato Grosso do Sul, Brazil). A 50 mL aliquot of rumen fluid was acidified using 1 mL sulfuric acid (1:1) for the analysis of rumen ammonia nitrogen performed by a colorimetric assay according to the protocol described by (WEATHERBURN, 1967) , and a 50 mL aliquot was immediately frozen to assess volatile fatty acid concentration (acetate, propionate, butyrate, valerate, isobutyrate, and isovalerate) by gas chromatography following a method described by (ERWIN et al., 1961) .
Forage intake evaluation was made from day 14 to 24 of each period (7 days for adaptation and 4 days for feces collections at 6, 10, 14, and 18 h, respectively). The chromium oxide was provided in the amount of 10 g per animal per day at 16h00. Feces were collected from fresh samples on the ground right after defecation, avoiding soil contamination. Fecal samples were evaluated for chromium oxide content by using atomic absorption (WILLIAMS et al., 1962) . The indigestible neutral detergent fiber was quantified in the hand-plucked samples (DE VRIES, 1995) and feces samples collected on day 2 and 4 of the feces collection.
To evaluate animal performance, a randomized block design was used and the rotational stocking management systems were used as the blocking factor. The adopted experimental units were groups (n = 8; 12 animals each), with two groups per treatment. The model adopted was Y ijk = μ + T i + B j + e ijk , where ijk = observation of the effect of treatment i in block j; μ = general mean; T i = effect of the treatment; B j = effect of the blocking factor j, and e ijk = random error associated with each observation.
To evaluate ruminal parameters, a double 4 × 4 Latin square design was used. The model used was: Y ijkm = μ + T i + Q j + A k(j) + P m + e ijkm , where Y ijkm = observation of treatment i in square j, in animal k inside square j, in period m; μ = general mean; T i = effect of treatment i; Q j = effect of Latin square j; A k(j) = effect of animal k within square j; P m = effect of period m, and e ijkm = random error associated with each observation.
The effect of the VM dose was evaluated by contrast analysis using orthogonal polynomials to determine the degree of the polynomial function that best fit the doses used. Once the behavior was determined, the coefficients of the resulting polynomial function were estimated using the same statistical model of contrast analysis. To obtain the optimal dose-response to VM, an equation was derived according to the response variable and set it to zero. All data were submitted to analysis of variance for mixed models using PROC MIXED of SAS. For ruminal parameters, the data were analyzed as repeated measures over time using the repeated option of SAS. Different structures of variance and covariance matrices for the residue were tested to determine the structure that best fit each trait. Matrices for each variable were chosen according to the Bayesian Information Criteria (BIC). Significance was established at P < 0.05 and trends were defined as 0.05 ≤ P < 0.10.
Results
Average daily gain (P = 0.08) and carcass gain (P = 0.05) exhibited a trend of quadratic behavior, with the maximum values being observed at dose of 47 mg VM per 100 kg BW. Final dressing percentage (P < 0.01) and carcass transfer (P = 0.02) exhibited a quadratic behavior, with the maximum values being observed at doses of 37 and 35 mg VM per 100 kg BW, respectively. The VM doses used did not affect the final BW of the animals (P = 0.26). The maximum values were obtained from the equations derived from the treatment results (Table 3) . 2 . Contrasts significant at P < 0.05 and trends were defined as 0.05 ≤ P < 0.10. 4 Carcass transfer: relationship between carcass gain and body weight gain (adapted from SAMPAIO et al., 2017) .
Increasing VM dose did not affect supplement intake (P = 0.64) and dry matter intake (P = 0.38), ruminal pH (P = 0.96), acetate: propionate ratio (P = 0.73), or total volatile fatty acid (P = 0.63). The concentration of rumen ammonia nitrogen exhibited a quadratic effect (P = 0.01). Among the volatile fatty acid, only propionate exhibited a linear behavior (P = 0.03), decreasing its concentration as VM doses increased. The acetate presented a trend of quadratic behavior (P = 0.09), with the maximum at the dose of 42 mg VM per 100 kg BW. The others volatile fatty acid presented a quadratic behavior, with the maximum at doses of 53, 35, 46, and 34 mg VM per 100 kg BW for butyrate, valerate, isobutyrate and isovalerate, respectively (P < 0.01). The maximum values were obtained from the equations derived from the treatment results (Table 4) . 2 . Contrasts significant at P < 0.05 and trends were defined as 0.05 ≤ P < 0.10.
Discussion
Virginiamycin had no effect on the intake of protein supplements (provided in the amount of 1 g kg BW -1 per day). This ensured that the doses of VM that were studied were properly ingested even when given in very high amounts, as in dose of 75 mg VM per 100 kg BW. Additionally, such effect indicated that protein supplements (provided in the amount of 1 g kg BW -1 per day) may be used as a vehicle for providing additives and/or growth promoters in grazing systems to growing Nellore bulls. At the same time, dry matter intake was not influenced by VM provided for grazing animal.
To determine the optimal VM dose, ruminal parameters and performance responses were evaluated. In this study, the rumen ammonia nitrogen had a quadratic behavior, as performance parameters. For animals reared on pasture, production of rumen ammonia nitrogen can help explained the performance. This occurs because in high-forage diets, the increased availability of rumen ammonia nitrogen improves the production of microbial enzymes, since fibrolytic microorganisms preferentially use this compound as a precursor for the synthesis of amino acids (DETMANN et al., 2014) . In feedlots, VM reduces the concentration of ruminal ammonia (GUO et al., 2010) , because it can inhibit the activity of bacteria producing ammonia (GUO et al., 2010) , which are characterized by high deaminase activity.
Its inhibition is therefore associated with amino acid economy from ruminal degradation and, consequently, with greater efficiency of protein utilization in the post-ruminal phase. The previously reported pattern of ammonia production that is characterized by a reduced amino acid degradation in the rumen and a decreased production of rumen ammonia nitrogen (GUO et al., 2010) was not observed in this study. However, the use of VM on pasture resulting in an increase in ammonia production can be positive. These contradictory results may be due to the differences in nitrogen profile between feedlot and pasture diets.
Another indication of increased amino acid deamination, besides the optimal dose-response and consequent increased production of ammonia, is the quadratic behavior observed for volatile fatty acid such as valerate, isobutyrate and isovalerate, which are produced by amino acid degradation in the rumen (ZHANG et al., 2013) . In addition, maximum passage of dietary protein from the rumen to the intestine occurs when the relationship of CP to digestible organic matter (DOM) is 160 g CP per kg DOM (POPPI; MCLENNAN, 1995), a value greater than that found in this study (141 g CP per kg DOM). Given that during the rainy season the amount of organic material increases considerably, a significant increase in nitrogen is needed to sustain microbial growth (DETMANN et al., 2014) . The imbalance between protein and energy availability in the rumen reduces the efficiency in the utilization of metabolizable energy and limits the intake due to heat production caused by excess energy (POPPI; MCLENNAN, 1995) and decreasing the performance. The dose of VM that maximizes substrate availability for fibrolytic bacteria may promote better feed utilization and greater efficiency in the use of available energy.
The improvements in fiber efficiency were likely responsible for the increase in bacterial populations producing butyrate, such as Butyrivibrio, which can be suppressed with high-energy diets (LI et al., 2012) . Such behavior led to a greater proportion of this acid approaching the dose that maximized performance. Along with the production of ammonia, the production of butyrate may help to explain the improved performance, since VM did not affect the acetate: propionate ratio. Butyrate plays a role in intestinal physiology and health, and greater levels in the gastrointestinal tract can positively affect the efficiency of nutrient utilization (LI et al., 2012) . Butyrate is the main energy source for ruminal epithelial cells, and its increased production may increase the surface absorption of nutrients. Moreover, it has numerous regulatory effects on cells, such as differentiation, motility, induction of apoptosis, and inhibition of proliferation (LI et al., 2012) . All these effects may safe energy and increase nutrient use efficiency. The maximum dose for the production of butyrate was 53 mg VM per 100 kg BW, above the dose that maximized the performance of the animals (47 mg VM per 100 kg BW).
These results contribute to future studies and production chain by providing a preliminary understanding of the optimal dose-response to VM that maximizes the performance of animals reared on pasture. Further studies should examine the differences existing in the use of VM in different production systems such as pasture and feedlot. Studies are also required to show possible modulation in forage degradation rate induced by VM as well as changes in passage rate, microbial protein production, and post-ruminal absorption. This may clarify the differences observed in the mechanism of action of VM in ruminants in different production systems (pasture and feedlot).
